Clinically manifest damage to the anterior visual afferent pathways, especially the optic nerve, usually causes visible changes in the retinal nerve fibre layer. Not infrequently loss of the retinal nerve fibre layer gives the first clue of optic nerve compromise in glaucoma or multiple sclerosis and precedes the clinical manifestations, visual symptoms, or the visual field deficits. 1-' The changes in the retinal nerve fibre layer secondary to optic atrophy are quantitative changes, which appear as diffuse or focal atrophy of the nerve fibre layer.4 Qualitative changes in the nerve fibres themselves may be seen prior to optic atrophy and are characteristic of some diseases, such as Leber's hereditary optic atrophy. 5 A number of ocular disorders known to involve primarily or exclusively the outer retinal layers are also associated with atrophic changes in the nerve fibre layer. To illustrate this point we present below examples of retinal receptor and/or pigment epithelium disorders associated with loss of the nerve fibre layer. Rake and wedge defects and diffuse nerve fibre changes are demonstrated in cone-rod dystrophies, rod-cone dystrophies (retinitis pigmentosa), juvenile macular degeneration, fundus flavimaculatus (Stargardt's disease), vitelliform macular dystrophy, and Leber's congenital amaurosis.
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Subjects and materials
Patients with various types of retinal degeneration who clearly showed nerve fibre loss were selected from our files. In each case the diagnosis was made after a careful medical and family history and ophthalmic examination consisting of external and slit-lamp examination and direct and indirect ophthalmoscopy. In selected cases fluorescein angiography, electroretinography (ERG), electrooculography (EOG), and dark adaptometry by standardised techniques were performed.67 All the findings were analysed to arrive at the most accurate diagnosis. A summary of the diagnoses and pertinent clinical findings can be found in Table 1 . (Fig. 1C) . The photopic ERG was barely recordable, the scotopic ERG one-half normal.
Visual fields showed pseudoaltitudinal defects with smaller isoptres in the right eye (Fig. 4) .
Patient 4 was a 7-year-old with juvenile Leber's amaurosis.8 Visual acuity was 20/70 on the right and 20/60 on the left (Fig. iD) . The ERG was unrecordable. The Goldmann field was less than 100 to a 1-4 target.
Patient 5 was a 22-year-old male with fundus flavimaculatus (Fig. 1E) . Visual acuity was 20/40 on the right and 20/50 on the left. The ERG was normal. The EOG showed 155% rise. Visual fields were full, with central scotomata.
Patient 6 was a 33-year-old man with rod-cone degeneration ( scotopic ERGs were barely recordable. Dark adaptation was 4-25 log units elevated at 40 minutes. The visual field showed small central fields with very large ring scotomata and large peripheral islands (Fig. 5) . Patient 7 was a 7-year-old girl with fundus flavimaculatus (Fig. 1G) . Visual acuity was 20/80 OU. The ERGs were normal bilaterally, as were the Goldmann fields.
Patient 8 was a 44-year-old woman who was a carrier of choroideraemia (Fig. 1H) . Visual acuity was 20/30 in each eye. The photopic ERG was borderline and the scotopic ERG normal on the right and borderline on the left. The dark adaptation was 1*9 log units elevated at 40 minutes. Visual fields were normal.
Discussion
We present eight examples of atrophy of the retinal nerve fibre layer in patients with outer retinal layer diseases. These changes are very frequently present when sought but may be difficult to detect against a background of generalised atrophy of the nerve fibre layer and/or retinal pigment epithelium and other pigmentary aberrations. In general the changes in the nerve fibre layer correlate well with the severity of the disease process. However, it is often difficult to link individual nerve fibre layer defects with specific field defects where there are also field defects due to the basic outer retinal layer disease process. Once nerve fibre layer atrophy appears, its progression appears to parallel the progression of the disease, and when advanced stages of disease are reached, in which generalised retinal atrophy is present, the wedge-shaped defects have disappeared.
In previously reported cases of damage to the retinal nerve fibre layer the primary insult has been to the optic nerve or another portion of the ganglion cell axon, such as the chiasm. The consequent changes in the nerve fibre layer represent direct injury to that axon, not evidence of remote effects or transsynaptic degeneration.
Thus the discovery of changes in the nerve fibre layer in disorders of the outer retinal layer raises important questions about the pathogenesis of these changes. influence many retinal layers. Kirkham pigmentosa, frequently occurring in the nerve fibre layer away from the disc substance, in contrast to optic nerve head drusen which are confined to the papilla. In addition the temporal portion of the disc and its nerve fibre layer appear to be severely diminished or missing in patients with X-linked congenital stationary night blindness,2' and similar changes and telangiectasis are extremely common in the cone-rod degenerations.'
Thus substantial anatomical, physiological, electrophysiological, and clinical evidence indicates nerve fibre layer involvement in outer retinal layer disease and is consistent with our observations of atrophic nerve fibre layer changes.
The observed changes appear to be signs of disease processes initiated in early, even prenatal, development because many of the changes we illustrate are found in children. Early outer retinal damage may cause transsynaptic changes. In primate studies on the retinal degeneration from striate cortex lesions the severity of transsynaptic degeneration was directly related both to age and to time23-for example, the younger the animal and the longer the observation period following the injury, the greater the degeneration. Alternatively, some of the mentioned disease processes may involve metabolic and physiological changes which occur in many retinal layers but appear clinically as changes in the outer retinal layers predominantly.
Awareness of the occurrence of these changes in the nerve fibre layer in outer retinal layer disease has at least one practical implication. The presence of nerve fibre layer changes not readily explained by optic nerve disease should prompt examination of the patient for diseases of the outer retinal layer. 
